Objectives. This study sought to compare the use of invasive procedures and length of stay for patients admitted with acute myocardial infarction to health maintenance organization (HMO) and fee-for-service hospitals. Results. The o4ds of undergoing coronary angiography wer~ 1.5 times as great for patients admitted to fee-for-serdce hospitals than for those admitted to HMO hospitals (odds ratio 1.5, 95% confidence interval [CI] 1.3 to 1.9). Similarly, the odds of undergoing coronary revascularization were two times greater in feefor-service hospitals (odds ratio 2.0, 95% CI 1.6 to 2~). However, higher utilization was strongly associated with the greater availability of on-site cardiac catheterization facilities in fee-for.service hospitals. The length of hospital stay, by contrast, was ~1 day shorter in the fee-for-service cohort (7.3 vs. 8.0 days, p < 0.05).
For defined patient populations, health maintenance organizations (HMOs) have been shown to provide care at lower costs than fee-for-service systems (1) (2) (3) . Most cost savings have been attributed to lower rates of hospital admissions among enrollees, (4) (5) (6) as well as a shorter hospital stay for specific conditions (%10). Over the past decade, however, fee-forservice providers have dramatically reduced discretionary admissions and shortened the hospital period, thereby reproducing the primary mechanism for cost savings achieved by HMOs.
Limiting the use of expensive tests and procedures may be another cost-saving strategy utilized by managed care systems. One would expect staff-model HMOs to reduce the use of procedures and potentially lower costs because their physicians ©1995 by the Amerie~.n College of Cardiology have no financial incentive to treat aggressively. Previous studies (7, (10) (11) (12) (13) comparing utilization of inpatient resources between different HMO models and fee-for-service systems have shown mostly lower procedure utilization in HMOs, although some studies (14, 15) have shown little difference.
To examine potential mechanisms to limit resource utilization in patients admitted with acute myocardial infarction to HMO and fee-for-service hospitals, we compared the use of invasive cardiac procedures and length of stay in these two systems. Acute myocardial infarction provides an excellent basis for comparison because nearly all patients with this diagnosis require hospital admission, and costs cannot be avoided simply by electing not to admit the patient. Moreover, the growing use of cardiac procedures is a major expense in both HMO and fee-for-service systems. We hypothesized that patients admitted with acute infarction to staff-model HMO hospitals would undergo fewer invasive cardiac procedures than patients admitted to fee-for-service hospitals during a comparable hospital stay.
Methods
Patients. The subjects of this study were 9,154 patients admitted with acute myocardial infarction to 15 hospitals participating in the Myocardial Infarction Triage and Intervention (MITI) Project. Characteristics of the registry, datagathering procedures and reliabi!ity have been previously described (16) . Briefly, the MITI project is a collaborative effort to evaluate new treatment strategies for patients with acute myocardial infarction and supports a registry of all patients admitted for suspected myocardial infarction in the Seattle metropolitan area. The registry contains detailed data about all patients who had an acute myocardial infarction at discharge or death, as confirmed by coronary care unit logs and review of discharge diagnoses from medical records. For patients transferred during the index hospital period, charts were abstracted at the transfer facility such that each patient had a continuous care record. The two (or more) admissions were counted as a single episode, with length-of-stay and procedure use combined across the hospitals involved. This study was approved by the University of Washington Human Subjects Review Committee.
The present analysis included consecutive patients admitted with acute myocardial infarction between January 1988 and December 1992. Those patients with acute infarction admitted after resuscitation from cardiac arrest, as well as those diagnosed with acute infarction after admission for another condition (e.g., orthopedic surgery) were excluded from the analysis. In the small proportion of patients with more than one admission for myocardial infarction, only the first admission was included in this analysis.
To investigate whether membership in a staff-model HMO influenced resource utilization after acute myocardial infarction, patients were classified into two cohorts. As the only staff-model HMO participating in the MITI registry, only patients adm:tted to or transferred to either of the two Group Health Cooperative Hospitals in Seattle were included in the HMO cohort. Any procedures or hospital stays before or after transfer of an HMO patient were attributed to the HMO cohort. Established in 1947, Group Health is the largest consumer-owned HMO in the United States, with ~406,000 subscribers. All physicians at Group Health are salaried, and there are neither positive nor negative financial incentives to perform procedures.
The fee-for-service cohort included patients admitted to any of 13 fee-for-service hospitals. Eight of the fee-for-service hospitals (61%) had on-site cardiac catheterization facilities. Patients admitted to either university hospitals or Department of Veterans Affairs hospitals were excluded from this analysis because physicians in these systems are either partially or fully salaried. The fee-for-service cohort included patients with standard indemnity ins,. ante, Medicare, Medicaid and three small managed care, _as (combined market share ~3%).
Data collected. Trained abstractors collected detailed data from patient records within 3 months after discharge or death. Demographic variables included age, gender and race (coded as white or nonwhite). Prehospital variables included type of transport to the hospital (911 call or other) and duration of cardiac symptoms before emergency department evaluation. Information from the cardiac history included previous myocardial infarction, heart failure, angina, percutaneous coronary angioplasty or bypass surgery. Data on hospital course included new evidence of congestive heart failure, shock, infarct extension, recurrent chest pain, left ventricular ejection fraction for those who underwent either contrast or nuclear ventriculography (44% of the population), use of thrombolytic therapy, cardiac catheterization, coronary angioplasty or bypass surgery and in-hospital mortality.
Statistical metheds. We used chi-square and Student t tests to test for differences in baseline characteristics between patients admitted to HMO and fee-for-service hospitals. To test whether patients were more likely to undergo cardiac catheterization or coronary revascularization (defined as the use of coronary angioplasty or bypass surgery during tile index hospitalization) at fee-for-service hospitals, we constructed a series of logistic regression models using data from patients with known values for all variables (n = 7,385). Variables that were significantly associated with cardiac catheterization in univariate comparisons (p < 0.!0), as well as those variables we considered clinically relevant, entered the multivariate model in a stepwise fashi,~rl, with hospital type (HMO vs. fee for service) forced into the model at the final step. Similar models were developed for the use of revascularization and hospital su~ival. Because the availability of on-site cardiac catheterization had previously been shown to predict procedure utilization (17), we constructed separate sets of models with and without this variable.
To evaluate whether length of stay in HMO facilities was different than in fee-for-service hospitals, we used a linear regression model to calculate length of stay after adjusting for differences between cohorts. Length of stay was calculated from the date of hospital admission to the date of discharge, including an 3 , hospital transfers that occurred. Because the distribution of length of stay was not normal, we used the logarithmic transformation of length of stay as the dependent variable in this model. To evaluate the effect of system of care on length of stay independent of process of care, the first regression model included known patient demographic and historical variables as well as clinical data from the hospital period. Factors significantly associated with length of stay in univariate comparisons (p < 0.1) entered stepwise as independent variables into the model. Type of insurance plan (HMO vs. fee for service) was forced into. the model at the final step. A second model was then developed that included process of care variables, such as the use of cardiac procedures.
Results
Baseline characteristics. There were 998 patients in the HMO cohort, including 95 patients originally admitted to other institutions and transferred to one of the Group Health hospitals, and 7,936 patients in the fee-for-service cohort. Patients in the fee-for-service cohort were an average of 2 years younger (68 vs. 66 years, p < 0.0001), but there were no differences in race or gender between the cohorts (Table 1) . Patients in the HMO and fee-for-service cohorts had a similar cardiac history, including the proportion of patients with a previous myocardial infarction, heart failure and bypass surgery. Patients in the fee-for-service cohort were moz'e likely to have had coronary angioplasty before the index hospital period (5% vs. 1%, p < 0.0001). Fifty-four percent of the fee-forservice cohort was Medicare insured; 36% had standard indemnity insurance, such as Blue Cross; 4% were Medicaid patients; 3% were covered under non-staff-model HMOs; and 3% were self-pay.
The clinical course of patients in the two cohorts was also similar. There were no significant differences in the proportion of patients who developed infarct extension or heart failure during the hospital period. Although the proportions were small, patients in the fee-for-service cohort were more likely to develop cardtogenic shock (2% vs. 1%, p = 0.04) and had more frequent recurrent chest pain (Table 2) .
Procedure utilization. Patients in the fee-for-service cohort were more likely to undergo coronary angiography (60%) and coronary angioplasty (26%) than those in the HMO cohort (41% and 6%, respectively) during the index hospital stay ( Table 2 ). The rates of coronary bypass surgery for the two groups were identical (11%). Patients in the fee-for-service cohort underwent catheterization substantially earlier in the Figure 1 . Odds ratios with 95% confidence intervals for factors influencing use of coronary angiography before hospital discharge in 7,385 patients admitted after acute myocardial infarction. Bars associated with greater use of angiography are shown to the right of the line of identity (dotted line). After adjustment for all factors by multivariate analysis, the odds of undergoing angiography were 1.5 times higher in patients admitted to fee-for-service hospitals.
hospital course than those in the HMO cohort (mean 1.4 vs. 3.6 days, respectively, p < 0.0001). Although there were no significant changes in procedure utilization in the HMO cohort by year, there was a significant increase in the use of coronary angioplasty in the fee-for-service cohort from 23% in 1988 to 29% in 1992 (p < 0.05). In the subset of patients admitted to fee-for-service hospitals and transferred to HMO hospitals, the rate of coronary angiography was nearly identical to that in the entire HMO population (45%).
To determine whether these differences in the use of angiography and revascularization could be attributed to differing demographic and clinical characteristics of the cohorts, we performed a series of multivariate analyses. Factors that were independently associated with a lower likelihood of undergoing angiography included a history of heart failure, older age, female gel~der, nonwhite race and heart failure during the hospital period. Factors associated with a highe r likelihood of undergoing this procedure included infarct extension, use of thrombolytic therapy, previous angioplasty and recurrent chest pain during the hospital period (Fig. 1) . After adjustment for all of these variables, the odds of undergoing angiography were 1.5 times greater in patients in the fee-forservice system (odds ratiG 1.5, 95% confidence interval [CI] 1.3 to 1.9).
Similar results were found in a multivariate analysis of utilization of coronary revascularization procedures. Variables associated with a lower likelihood of undergoing coronary revascularization during the index hospital period were previous heart failure, previous bypass surgery, female gender, nonwhite race and older age. Higher utilization of revascularization procedures was associated with previous angina, heart failure during the hospital period, infarct extension, recurrent chest pain and previous angioplasty (Fig. 2) . After adjustment for these variables, the odds of undergoing coronary revascularization were two times greater in the fee-for-service system (odds ratio 2.0, 95% CI 1.6 to 2.5). Figure 2 . Odds ratios with 95% confidence intervals for factors influencing use of coronary revascularization in 7,383 patients with acute myocardial infarction admitted to the hospital. Bars representing factors associated with a greater use of revascularization are shown to the right of the line of identity (dotted line). After adjustment for all factors by multivariate analysis, the odds of undergoing revascularization were over two times higher in patients admitted to fee-for-service hospitals.
To explore the reasons for lower procedure utilization in the HMO cohort, we introduced an additional variable to the model to adjust for the effect of having on-site cardiac catheterization. Although on-site angiography was available after January 199i at one HMO hospital, there was no significant difference in the proportion of patients undergoing this procedure at that hospital before and after introduction of this service (proportion undergoing angiography before and after January 1991, 36% vs. 42%, p = 0.18). When the availability of on-site catheterization was included in the model, this variable was strongly associated with the use of angiography, but admission to a fee-for-service hospital was no longer associated with an increased likelihood of undergoing angiography (odds ratio 0.70, 95% CI 0.57 to 0.87). In the revaseularization model, after adjustment for availability of on-site revaseularization, there was no longer an association between type of insurance (fee for service vs. HMO) and use of revascularization (odds ratio 0.96, 95% CI 0.74 to 1.24).
Length of stay. The fee-for-service cohort had a 9% shorter length of stay than the HMO cohort (7.3 vs. 8.0 days, p < 0.05). In the multivariate regression analysis, demographic factors significantly associated with a longer length of stay were nonwhit,~" race and increasing age; historical factors include a history of heart failure, angina and previous angioplasty. Clinical factors associated with a longer length of stay include evidence of a stroke, eardiogenic shock, recurrent chest pain and infarct extension during the hospital period. In this limited multivariate model, patients admitted to HMO hospitals had a length of stay 0.8 days longer than patients admitted to fee-for-service hospitals (p < 0.001). In the complete regression model that includes process of care variables, procedural variables associated with a longer length of stay include the use of thrombolytic therapy, coronary angiography, bypass surgery and primary angioplasty (angioplasty used instead of thrombolytie therapy <6 h after the start of chest pain). The only factor associated with a shorter length of stay was the use of elective or salvage angioplasty. After adjustment for these variables, patient~ admitted to HMO hospitals still had a significantly longer length of stay than patients admitted to fee-for-service hospitals (7.8 vs. 6.7 days, p < 0.01). There was no change in these results after exclusion of patients who died in the hospital.
Mortality rate. There was no significant difference in the unadjusted hospital mortality rate between the fee-for-service and HMO cohorts (9.3% vs. 7.8%, respectively, p = 0.13). In multivariate analyses, factors associated with a greater likelihood of hospital death were evidence of shock, infarct extension, stroke during the hospital period, heart failure during the hospital period and recurrent chest pain. The use of coronary angiography in patients from either cohort was associated with improved survival (odds ratio 0.43, 95% CI 0.31 to 0.58), although this was unlikely to be related to revascularization because neither coronary angioplasty nor bypass surgery during the hospital period was associated with lower mortality. After adjustment for all significant variables, there remained no association between system of care and hospital mortality (odds ratio 0.80, 95% CI 0.59 to 1.10).
Discussion
Health maintenance organizations have been promoted as a more effective means of controlling increasing health care costs than traditional fee-for-service arrangements. However, it is unclear whether this remains true in today's highly competitive environment. For example, a variety of HMO models have used a shorter length of hospital stay to reduce costs (7-10). Fee-for-service systems have adopted this approach under pressure from third-party payors. Another important mechanism for cost savings in HMOs is lower rates of hospital stay (4, 6) . This approach, however, is not applicable to problems for which admission criteria are standardized, as is the case for acute myocardial infarction. In this circumstance, the most effective mechanism for cost control is to minimize expensive procedures and length of stay. Compared with fee-for-service hospitals, it would be anticipated that patients admitted to staff-model HMOs would undergo fewer procedures and have a shorter length of stay.
Although the fee-for-service and HMO cohorts shared similar clinical and demographic characteristics, we found that physicians in fee-for-service hospitals practiced a more invasive style of medicine. After adjustment for baseline differetices, the odds of undergoing coronary angiography were 1.5 times as great among patients in the fee-for-service cohort. Similarly, the odds of undergoing a revascularization procedure were c, ver two times greater among patients in the fee-for-service cohort. By contrast, the fee-for-service cohort had a 1 day shorter length of stay.
The lower rate of procedure utilization observed in the HMO cohort may have resulted from a lack of financial incentives or a more conservative treatment philosophy among physicians in HMO hospitals or administrative guidelines.
Previous studies (17) of this patient population have illustrated the strong association between the availability of on-site catheterization facilities and use of invasive cardiac procedures. Indeed, in this analysis, the addition of a variable to adjust for on-site catheterization resulted in a higher rate of angiography in the HMO cohort. However, we believe that this adjustment may not be appropriate for two seasons: 1) After on-site catheterization became available at one of the HMO hospitals, there was no significant increase in the rate of angiography. This finding argues that the availability of on-site catheterization has a far greater impact on utilization in the fee-forservice system. 2) The decision by HMO hospitals not to build on-site catheterization facilities may have been a deliberate strategy to control utilization and thus may be part of an overall staff-model HMO strategy to control utilization that should not be adjusted in the multivariate analysis.
The longer length of stay observed in the HMO cohort may be a result of greater financial pressures to limit length of stay in the fee-for-service setting. An alternative explanation is that the higher procedure utilization rate observed in fee-forservice hospitals allowed patients to be discharged earlier on the basis of knowledge of a patient's coronary anatomy.
Previous studies comparing hospital resource utilization in HMO and fee-for-service systems have shown a generally lower procedure utilization in both staff-model and non-staffmodel HMOs. Langa and Sussman (13) found slightly higher coronary revaseularization rates in fee-for-service models versus several HMO models in California. Young and Cohen (10) '~howed higher angiography and bypass surgery rates and similar coronary angioplasty rates in fee-for-service systems in Massachusetts. Both of these studies were limited by the use of an administrative data base that may not have allowed appropriate adjustments for baseline differences between the cohorts, as well as relatively older data (1988) that may not fully capture more recent cost-containment policies enacted in the fee-for-service system. In the present study, the MITI registry has an extensive clinical data collection that allows adjustment for the most important variables that may affect procedure utilization.
Rapoport et al. (11) found lower costs and a shorter length of stay in managed care patients, including staff-model, independent practice organization model and preferred provider model HMOs, admitted to the intensive care unit at one hospital. Similarly, Stern et al (7) found generally shorter lengths of stay and slightly lower costs in staff-model HMO systems. In both of these studies, HMO patients were admitted to the same hospitals as fee-for-service patients. In many cases it appears that the same house officers provided care in both systems. In the present study, the HMO cohort was admitted to different hospitals than the fee-for-service cohort, allowing differences in hospital philosophy and management to influence utilization decisions.
Study iimit~iens. There are potential limitations of this study that merit discussion. 1) There may have been a higher rate of postdischarge procedures in the HMO cohort. To discount this possibility, we determined the postdischarge catheterization rate in a 15% sample of the cohort and found no difference at 30 days after discharge (4% in the HMO cohort vs. 5% in the fee-for-service cohort, p = 0.19). 2) These study findings cannot be generalized to other forms of managed care because only patients admitted to staff-model HlvtO hospitals were included in the HMO cohort. Although this limits the generalizability in terms of other managed-care models, the present analysis does provide a relatively unbiased comparison between the two extremes of American health care delivery models. We would expect smaller differences in procedure utilization in other managed care models. Finally, there is also the potential for misclassifieation in the fee-for-service cohort. Although Medicare patients were identified and ineluded because of fee-for-service reimbursement for procedures, we were unable to identify capitated non-Group Health HMO patients (-3% of the fee-for-service cohort by market share). However, the inclusion of these patients in the fee-forservice cohort would bias toward the null hypothesis because procedure utilization in this group of capitated patients should be lower than that for the fee-for-service cohort.
Despite the higher use of invasive procedures in the feefor-service cohort than in the HMO cohort, we found no obvious improvement in adjusted hospital mortality when the two were compared. Although other investigators (18, 19) found little difference in mortality between populations of high and low users of cardiac procedures, these findings must be viewed with caution. 1) The present study lacks adequate power to detect a modest (<30%) survival advantage for patients admitted to either system of care (e.g., 10% vs. 7% mortality rate for the two hospital types). 2) Previous studies evaluating the effect of revaseularizatioi~ on mortality in patients with coronary artery disease required a longer follow-up period (>3 years) to show a survival benefit. 3) It is possible that the higher rate of procedure utilization observed in fee-for-service models may result in improved patient functional status that could not be measured in this study.
Coneluslons. There is a great deal of controversy about the in-hospital management of patients with acute myocardial infarction. It is not surprising, therefore, that there is variation in the care of these patients. In the present study, physicians at a staff-model HMO practiced a more conservative style of medicine, although this appeared to be strongly associated with the absence of on-site cardiac catheterization facilities at HMO hospitals. This style appears to be associated with hospital survival that is equivalent to that of patients admitted to fee-for-service hospitals who receive more invasive care. This more conservative treatment comes at the cost of a longer length of stay. Whether similar results might be seen in the management of patients with other conditions should be the subject of further research.
